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I he oxygen status of the water
column is an important param-

eter in determining and predicting
water quality. Sediment oxygen de-
mand (SOD) (the rate of oxygen re-
moval from the water column) is
usually the largest sink for dis-
solved oxygen (DO} from the water
column. SOD encompasses oxy-

" gen consumed by decamposition

of settled organic matter and other
biological activity in sediment, and
chemical oxidation of reduced spe-
cies, including Fe®*, Mn>*, and S
(Wang 1981).

Dissolved oxygen concentra-
tions and SOD-regulated pro-
cesses oceurring at the sediment-
water interface regulate the move-
ment of reduced chemical species

Sediment samples currenily being tested at the Waterways Experiment
Station were obtained from Eau Galle Lake

from the sediment surface into the
overlying water (Brannon and
others 1983 and Gunnison, Chen,
and Brannen 1983). These interac-
tions can then contribute to poor
quality of surface water. For exam-
ple, microbial degradation of or-
ganic matter in the sediment can
result in DO depietion and the
eventual development of anoxic
conditions in the overlying water
column. Anoxic conditions can re-
sult in the release of and accumula-
tion of ammonium-nitrogen, phos-
phorus, reduced iron and manga-
nese, and sulfide from the sedi-
ment. Perturbation of the sediment
surface may accelerate this pro-
cess by increasing the movement
of oxygen-demanding reduced spe-
cles from the sediment into the
overlying water (James and others
1992). For these reasons, DO lev-
els and SOD-regulated processes
can have a major impact on the op-
eration of U.S. Army Corps of Engi-
neers water resource projects, in-
cluding reservoirs, navigation pro-
jects, and water-control structures.

Predicting the effects of Corps
water resource projects on water
quality has been difficult due to the
lack of a standard method to accu-
rately measure, quantify, evaluate,
and predict SOD. This has neces-
sitated the development of a Corps-
wide standard procedure to




analyze SOD in riverine, lacustrine,
and estuarine environments.

Initial investigations by the
U.S. Army Engineer Waterways Ex-
periment Station (WES) consisted
of a literature review and workshop
to determine the state of the art of
S0OD research (Cerco, Gunnison,
and Price 1991 and Price 1991).
WES is currently conducting labora-
tory studies interactively with
model development to accurately
measure, evaluate, and predict
SOD for Corps water resources
projects. The objective of the labo-
ratory investigations is to deter-
mine the SOD-regulated processes
of DO depletion and nutrient re-
lease from sediments.

Laboratory
investigations

Test tubes

Studies to assess nutrient re-
lease and DO consumption from
Brown's Lake sediment were deter-
mined in 50-milliliter test tubes.
Dissolved oxygen, ammonium-
nitrogen, orthophosphate-
phosphorus, nitrate-nitrogen, and
total organic carbon (TOC) concen-
trations were measured over 36
days. Two separate studies were
conducted. The first study used
Brown’s Lake sediment amended
with 1 percent arganic matter, and
the second study included two addi-
tional sets of tubes.containing sedi-
ment amended with 5 and 10 per-
cent organic matter. The sediment
was then covered with water and
the tubes sealed to produce anaer-
obic conditions:

In the first study, DO levels de-
creased, exhibiting an initial rapid
decline and reaching a steady
state as oxygen levels fell below 2
milligrams per liter (mg/L). Similar
findings were reported by Wang
(1981), who observed sharp initial
decreases of residual axygen fol-
lowed by a tapering off once DO

leveils fell below 2 mg/L.. Dissolved
oxygen depletion was accompa-
nied by subsequent increases in
both ammonium and orthophos-
phate concentrations (Figure 1).

Dissclved oxygen levels in the
water above sediment containing
high organic matter exhibited much
the same behavior (Figure 2). No
significant differences were ob-
served in DO depletion or nutrient
release among the three organic
matter levels (p < 0.01) (Figure 3).
These results suggest that the rate
of oxygen supply to the sediment
limited the utilization of the sub-
strates. Phosphorus concentra-
tions initially increased followed by
a decline to a steady state. TOC
concentrations also increased and
then graduaily decreased to a
steady state.

10

Dissolved Oxygen, mg/l
Y

o+ O 0.0
| ] 1 [
0O 10 20 30 40
Time, days
0.2
=
=]
E
o
&
= 01 F
= H
[ i
[ 7] 7
£ Py
[+ 3 o
s -'9..-9
S of ¢
] ] ] !
0 10 20 30 40
Time, days
Figure 1.

- SOD, mg/m2/day

Columns

Twenty-liter plexiglass columns
were used to determine DO deple-
tion in the water column and nutri-
ent release from bedded lacustrine
and estuarine sediments. The sedi-
ments included Brown's Lake,
Rathbun Lake, and Chesapeake
Bay. Three separate column stud-
ies were conducted with three repli-
cates for each sediment. Columns
were loaded to a depth of 15 centi-
meters with sediment, covered with
15.7 liters of water, and sealed
from atmospheric cantact (Figure
4). Measurements for DO and nu-
trients were taken weekly for 30-
day periods. All three sediments
tested exhibited similar trends in
DO depletion, nutrient releases,
and TOC concentrations. Figure 5
presents data obtained using Ches-
apeake Bay sediment.
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Dissolved oxygen levels exhib-
ited simitar behavior in the columns
as in the test tubes, with an initial
rapid decline to a steady state.
Ammonium levels displayed initial
increases and then reached steady
state, possibly a resuit of limited or-
ganic nitrogen levels in the sedi-
ment. In the absence of oxygen,
organic nitrogen is broken down to
ammonium which accumulates as
ammonium-nitrogen in the sedi-
ment interstitial water (Koike and
Hattori 1978). Orthophosphate-
phosphorus concentrations initially
increased and then decreased to
steady state. Nitrate-nitrogen con-
centrations initially increased fol-
lowed by a sharp decline which cor-
responded to a decrease in DO to
below 2 mg/L. TOC levels initially
increased, followed by a gradual
decline.

Discussion

The flux of oxygen-demanding
substituents from bottom sedi-
ments into the overlying water col-
umn can give information about po-
tential SOD. Test tubes and col-
umns were both used to simulate
bedded sediments with an overly-
ing water column. The systems
were alfowed to develop anaerobic
conditions naturally, and DO deple-
tion and nutrient refease were mea-
sured over time. Test tubes were
used initially fo rapidly develop an-
aerobic conditions, avoid replace-
ment of water removed through
sampling, and compare the SOD
rates. of sediments containing differ-
ent concentrations of organic
matter.

Aithough test tube studies were
successful, testing was shifted to
larger columns; the larger volume
of water allowed replacement of
water sampled without creating
significant changes in the chemical
composition of the water column.

Dissolved oxygen concentra-
tions followed the same trend in
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Figure 2. Dissolved oxygen and nutrient concentrations in the overlying
water of a lacustrine sediment amended with three different levels of otganic
matter
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Figure 3. Nulrient and TOC concentrations released from a lacustrine
sediment amended with three different levels of organic matter



both the test tubes and columns.

A decrease in DO depletion rate oc-
curred when DO levels fell below 2
mg/L. Decomposition of organic
matter will readily remove oxygen
from waters not having a continu-
ous source of reaeration.

Ptant nutrients, including inor-
ganic phosphorus and inorganic
nitrogen, are released by decompo-
sition processes acting in flooded
soils and sediments (Koike and
Hattori 1978 and Patrick 1990).
Anaerobic conditions generally
favor release of ammonium-
nitrogen, orthophosphate-
phosphorus, methane, and sulfide-
sulfur, while aerobic conditions
favor the release of nitrate-nitrogen
and sulfate-suffur. However,
orthophosphate-phosphorus can
coprecipitate with iron sulfide. This
is an important process in marine
environments, but often not as im-
portant in freshwater systems.
Ammonium-nitrogen levels in-
creased over time in both test
tubes and columns as conditions
became more anoxic. Ammonium
concentrations did reach steady
state, a possible result of limited
sediment organic nitrogen levels.

Figure 4. Plexiglass column used
to determine SOD and nutrient
release from Brown’s Lake, Rathbun
Lake, and Chesapeake Bay
sediments

Increased orthophosphate-
phosphorus concentrations in both
the columns and tubes were fol-
lowed by a gradual decline possi-
bly due to formation of aluminum
or calcium phosphate precipitates.
Nitrate-nitrogen concentrations ini-
tialfy increased in the columns and
tubes, but began to decline when
DO levels fell below approximately
1.5 mg/t.. When nitrate is formed
in the aerobic sediment layer, it
can diffuse into the water column
or into the anaerobic sediment
layer. However, net diffusion is
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downward where the nitrate un-
dergoes denitrification (Patrick
1990). Total organic carbon con-
centrations increased in all tests,
followed by a decline which corre-
sponded to a decrease in the DO
depletion rate. Gunnison (1983)
found that the concentration of sol-
uble TOC in the water column
strongly correlated with a decrease
in the DO depletion rate. TOC
tends to accumulate under anaero-
bic conditions, where it is not uti-
lized as readily as under aerobic
conditions. Total inorganic carbon
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Figure 5. Dissolved oxygen and nutrient concentrations measured in the
overlying water of an estuarine sediment



(TIC), by contrast, often initially ac-
cumulates under anaerobic condi-
tions, and then decreases as the
release of soluble reduced metals
is followed by the formation of insol-
uble metal carbonates.

Model development

A predictive model! of sediment
oxygen demand and sediment-
water nutrient flux is available for
use in this study. The mode! was
developed for Chesapeake Bay
and extensively verified in that
application. One purpose of the
previously described laboratory
studies is to develop a data base
for testing the model against sedi-
ments drawn from different environ-
ments. The model-data compari-
sons will direct improvements in
the model which will be tested in
further experiments.

One improvement required in
the model is evident without labora-
tory experimentation. Iron and
manganese release must be in-
cluded for the model to be effective
in Corps reservoir projects. [m-
plementation of iron and manga-
nese is underway, Performance of
the model in this regard will initially
be demonstrated against existing
data bases from various water re-
sources projects.

Conclusions

Initial studies using test tubes
and columns have confirmed that
dissolved oxygen levels and nutri-
ent releases are directly related to
SOD processes. These investiga-
tions have indicated a need to
quantify several additional parame-
ters to further relate sediment prop-
erties to SOD exertion. These in-
ciude determination of labile and
refractory organic carbon and an
estimation of microbial biomass.
Progress has been made on evalu-

ating a broad range of characteristi-
cally different sediments. Further
studies o include additional sedi-
ments and biochemical parameters
are needed to better understand
the effects of SOD on nutrient
release in different aquatic
environments.

WES is currently conducting col-
umn studies with additionai sedi-
ments to determine the effects of
sediment aging on SOD. Field
studies using in-situ measure-
ments will be undertaken next year
to correlate with laboratory data.

For further information, contact
Ms. Cynthia Price at (601) 634-
3621, Dr. Douglas Gunnison at
(601) 634-3873, or Dr. Carl Cerco
at (601) 634-4207.
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This issue reports on laboratory studies being inter-
actively conducted with model development to ac-
curately measure, evaluate, and predict sediment
oxygen demand (SOD) for Corps water resources
projects. The laboratory investigations are being
performed to determine the SOD-regulated pro-
cesses of dissolved oxygen depletion and nutrient
release from sediments.
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WATER QUALITY
RESEARCH PROGRAM

This bulletin is published in accordance with AR 25-30. It has been
prepared and distributed as one of the information dissemination
functions of the Waterways Experiment Station. It is principally in-
tended to be a forum whereby information pertaining to and resulting
from the Water Quality Research Program (WQRP) can be rapidly and
widely disseminated to Corps District and Division offices as well as
other Federal agencies, state agencies, universities, research insti-
tutes, corporations, and individuals. Contributions of any type are
solicited from all sources and will be considered for publication as long
as they are relevant to the objectives of WQRP, l.e., to provide new or
improved technology to solve selected environmental quality problems
assaciated with Civil Works activities of the Corps of Engineers in a
manner compatible with authorized project purposes. This bulletin will
be issued on an irregular basis as dictated by the quantity and import-
ance of information to be disseminated. Communications are wel-
comed and should be addressed to the Environmental Laboratory,
ATTN: J.L. Decell, U.S. Army Engineer Waterways Experiment Sta-
tion, 3909 Halls Ferry Road, Vicksburg, MS 39180-6199, or call AC

601/634-3494.
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